Abstract. The article presents a lithogenetic typification of the rocks of the Ust-Kutskian horizon of the Teterian formation in the central part of the Nepa-Botuobin anteclise. A generalized scheme-model of their formation is drawn up. Granular dolomites have been identified as the most promising lithogenetic type to allocate zones with improved reservoir properties. The structure of the void space of the Ust-Kutskian horizon is characterized. Based on the quantitative assessment of pores and caverns, the presence of salts in them, a correlation was established between these parameters and the reservoir properties of the rocks.
Introduction
The main prospects for the discovery of new hydrocarbon fields in the Nepa-Botuobin oil and gas region are associated with carbonate Vendian-Cambrian deposits. One of the productive horizons is the UstKutskian horizon, the study of which is incomplete (Gurova, 1988; Shemin, 2007; Melnikov, 2009, etc.) .
A feature of the horizon is the wide distribution of post-sedimentation processes, which introduced heterogeneity in the distribution of reservoir properties both in area and in the section and caused a very low permeability of oil-bearing deposits.
The use of standard methods for studying weakly permeable carbonate deposits does not allow localization of areas that provide significant inflows of oil from the layers. Increase in oil inflows is often achieved with the help of intensification methods, which require knowledge of lithology and structure of the void space. In this connection, it became necessary to study lithological features, reservoir properties, facies and geochemical conditions for the formation of horizon, to develop criteria for the allocation of reservoirs for effective prediction of zones with improved reservoir properties. This will allow localizing the favorable zones in the carbonate rocks of the studied horizon, as well as in rocks with similar structure of the reservoirs.
The research area is located in the west, northwest of the Nepa arch in the central part of the Nepa-Botuobin oil and gas bearing area, confined to the eponymous anteclise (Fig. 1) .
To achieve the goal, the following investigations were carried out: lithogenetic types of carbonate deposits of the Ust-Kutskian horizon (Lemeshko, 2013) were identified, their spatial position in the sedimentary basin was determined, reservoir properties were studied, and geochemical conditions of sedimentation accumulation conditions were analyzed.
Research Methods
In recent years, a wide range of researches have been carried out to study in detail the carbonate reservoirs and fluids of the East Siberian region. In this paper, the results of complex core studies of the Ust-Kutskian horizon were used (Table 1) .
Analyzes were performed by the laboratory of sedimentology, formation physics, geochemistry of OJSC TomskNIPIneft (M.N. Lemeshko, Ya 
General characteristic of the section
In the studied sections of wells drilled in [2009] [2010] [2011] [2012] in the central part of the Nepa-Botuobin anteclise, the Ust-Kutskian horizon has a structure similar to that described in the works of N.V. Melnikova, G.G. Shemina, T.I. Gurova et al. for different regions of the Siberian platform (Melnikov, 2009; Shemin, 2007; Gurova, 1988) . Two layers are distinguished in the Ust-Kutskian horizon -the upper (B 3-4 ) and lower (B 5 ), separated by a clay-carbonate-sulfate bridge with a thickness of 3 ... 7 m. The thickness of the Ust-Kutskian horizon varies within 28 ... 82.67 m.
Impermeable beds of the upper layer are the halogencarbonate deposits of the Usolskian formation, along the bottom of which the upper boundary of the Ust-Kutskian horizon is located. The mineralogical composition of the rocks is established by X-ray phase and petrographic analysis in the thin sections. The main rocks of the horizon are dolomites, less often there are dolomites with a small admixture of calcite and a different content of insoluble residue (Fig. 2) . The dolomites are secondary; it is assumed that they were formed as a result of the limestones replacement. The dolomites are cryptocrystalline and clearly crystalline (from thin to large), light gray, dark gray, cream-colored, brown (oil-saturated varieties), dense and very strong. In macroand microscopic studies of dolomites, the textures are often poorly preserved due to repeated recrystallization of rocks. Clay-carbonate rocks (marls, calcareous clays) with different percentages of clay components and argillites are less widespread in the section. Clay rocks often represent a bridge between reservoir rocks. The anhydrite (less often gypsum) is clearly distinguished in macro description, with bluish-gray and whitish colors of several generations in the form of spots, interlayers, radiant-pentagonal aggregates, needle crystals, as well as continuous masses filling pores and cracks. Galite occurs mainly in the upper half of the section and performs voids. core. Based on the results of the petrographic analysis, the lithogenetic types of the Ust-Kutskian horizon were identified and described (Lemeshko, 2013) . The classification of lithotypes was based on the classification of E.M. Khabarov and R. Dunham (Khabarov, 1985, Dunham, 1962) (Table 2) .
Favorable structural and textural features are attributed to granular dolomites and dolomites completely recrystallized with increased porosity relative to other rocks. Granular dolomites with a low content of micrite material form bar bodies, their primary structure is favorable for the formation of the reservoir.
Microstructural criteria are determined by the results of petrographic analysis and scanning electron microscopy. The hollow space structure of reservoir rocks is a heterogeneous and complex with the predominance of voids formed as a result of postsedimentation processes. Thus, caverns and pores of leaching have a wide distribution in rocks. Their number reaches 10-25% of the rock volume in granular dolomites,. However, these voids are filled with pores of recrystallization and residual sedimentation pores. In completely recrystallized rocks, which, like granular dolomites, also have enhanced reservoir properties, the recrystallization pores form the bulk of the void space. Thus, favorable microstructural features of reservoir rocks are defined, including primary and secondary porosity (recrystallization, leaching, residual intergranular sedimentary pores), and also the communicability of pores and caverns. Low permeability indexes of oil reservoir rocks indicate the presence of isolated and sealed pores and caverns, which refers to unfavorable criteria.
Post-sedimentation processes have made significant changes in the structure of the hollow space of reservoirs. The influence of these processes was studied in the macro-and micro-description of core and petrographic analysis of thin sections. The evaluation of the influence The discussion of the results Executed studies have made it possible to identify the group of criteria that, in various combinations, should be applied expeditiously in carrying out prospect evaluation and exploration work.
Lithologica criteria. Lithological criteria were identified using a macro and microscopic study of the of post-sedimentation processes on the porosity and permeability of rocks has shown that recrystallization and leaching contributed to the improvement of reservoir properties. The processes associated with the formation of minerals-sulfatization, galitization (salination), silicification (Lemeshko, 2014) , negatively affected the reservoir properties of rocks. The application of quantitative evaluation of the content of anhydrite and halite in the sections of pores and caverns, made it possible to evaluate the effect of secondary processes on the reservoir properties. For this purpose, quantitative characteristics were calculated: pores of recrystallization, open and "healed" pores and leaching cavities in thin sections, anhydrite and halite in rocks. To determine the positive or negative relationship between these parameters and the coefficients of porosity and permeability, rank correlation coefficients were used, which made it possible to estimate the influence of some secondary processes on the total rock capacity. Positive rank correlation coefficients indicate a direct proportional relationship of the parameters, negativethe inverse (Table 3) .
The influence of the recrystallization pores on the reservoir properties is positive (Table 3 ). In the granular rocks, uneven recrystallization of uniform elements and intergranular space is well manifested. In micrite dolomites with an unfavorable primary structure, uniformly distributed pores of recrystallization in the crystalline mass provide good porosity to these rocks.
The influence of open caverns on the reservoir properties is positive. A significant volume of caverns in granular dolomites exceeds intercrystalline porosity. Cavities are often inherited from sedimentation voids, and also developed within the grains of primary shaped elements and recrystallization void spaces. Cavity formation is one of the main positive processes in the dolomites of the Ust-Kutskian horizon to form a good reservoir. However, the capacity of the reservoir is partially lost because of the "printing" of caverns with mineral salts -gallite and anhydrite.
The influence of healed caverns, anhydrite, and halite on the reservoir properties is negative. Most of the caverns have undergone sealing, which adversely affects the reservoir capacity. Sulphate mineralization and salinization, as a rule, lead to deterioration in porosity, but in some cases, due to the partial filling of pores and cavities, the open porosity remains.
Petrophysical parameters were used to characterize reservoir rocks. Studies of the coefficients of permeability and porosity in helium were performed on the AP-608 Core test systems. The calculation of the average values of the reservoir properties for each lithogenetic type showed that dolomites completely recrystallized, in which the primary structure did not survive, have the highest porosity and permeability with respect to other types of rocks, in addition to granular dolomites (Table 2) . Low rates of reservoir properties are mainly associated with salinization. After the removal of rock samples from salts, a significant (2-3 times) improvement in reservoir properties is established.
Intervals with increased porosity and permeability are most often composed of granular dolomite and are accompanied by strong oil saturation and high bitumen content. The heterogeneous distribution of reservoir properties within each lithogenetic type is unfavorable.
Facies criteria. Facies criteria are determined by performing a lithological-facial analysis. Formation of sediments in shallow-water conditions at high hydrodynamic activity of the environment under the influence of tidal currents with the formation of baryonic systems and stromatolite structures is a favorable criterion for the formation of reservoirs (Fig. 3) .
The formation of deposits in a calm regime is an unfavorable factor, which contributes to the accumulation of clay material and lowers the reservoir properties. Thus, the granular dolomites of the UstKutskian horizon can be potential reservoirs, since they form bar systems with a favorable primary structure and low content of micrite.
Geochemical criteria. The geochemical characteristics of sedimentation were based on the data of the ICP-MS analysis. Based on the calculated geochemical parameters, the sedimentogenesis was reconstructed, which confirmed the results of the lithological-facies analysis. This makes it possible to use geochemical criteria in complex with lithologic-facies as predictions for determining zones of promising carbonate reservoirs in the deposits of the Ust-Kutskian horizon.
The authors have calculated the basic relationships of chemical elements to determine the depth of the sedimentation, salinity, oxidation-reduction features, etc. by the methods of A.V. Maslova, Ya.E. Yudovich, E.F. Letnikova (Maslov et al., 2003; Maslov, 2005; Yudovich, Ketris, 2011; Letnikova 2005 Letnikova , 2008 .
In the carbonate sediments of the Ust-Kutskian horizon, the main typomorphic elements have a similar distribution with subplatform deposits of ancient continental blocks and microcontinents, which were deposited in shallow conditions. According to E.F. Letnikova, the range of the Ust-Kutskian horizon corresponds to the formation of sediments in the shallowwater basin (Letnikova, 2005) .
A small amount of Ti and Zr shows that the formation of deposits took place at a considerable distance from land in a basin with a passive tectonic regime. The values of Sr below the clark indicate the formation of granular dolomites under conditions of increased hydrodynamic activity of waters, at which Sr could be carried out. The distribution of typomorphic elements (Ti, Mn, Zr, Sr, Ba) corresponds to the shallow conditions of deposits formation. The content of impurity elements (Cr, Ni, Co, Cu, Be) shows the proximity of the provenance area of the basic and acidic composition.
We can judge the geodynamic situation of sedimentation according to the TR content. To reconstruct the conditions of sedimentogenesis of carbonate rocks, we can use the ratio of light rare earth elements (LREE) to heavy ones (HREE).
In the carbonate deposits of the Ust-Kutskian horizon, the LREE/HREE ratio varies in a fairly wide range (from 4 or more) and corresponds to the passive continental margin.
One indicator of the paleoclimate is the relation ΣCe/ ΣY (ratio of cerium to yttrium rare earth elements). In the considered deposits, the value of the index varies from 2 to 4 (Figure 4) , which corresponds to the semiarid climate. With respect to Sr/Ba in sediments of the same age, it is possible to trace the transition from freshwater to marine depositions. In the first, the ratio of Sr/ Ba is less than 1, in the second -more than 1. This ratio can be used as an indicator of aridity (Martynov, Nadenenko, 1980) . For most of the samples of the UstKutskian horizon, the Sr/Ba ratio is much greater than unity, which corresponds to the marine sedimentation conditions (Fig. 5) .
For Precambrian deposits altered by secondary processes, the use of various methods for the reconstruction of oxidation-reduction environments is difficult. Therefore, the conclusion was made as a result of comparison of the calculated geochemical indices of the Ust-Kutskian horizon with the data of Yu.O. Gavrilova et al. (2002 ), A.V. Maslova et al. (2003 .
To assess the oxidation-reduction conditions of the Ust-Kutskian horizon, the most informative geochemical indices were used (Fig. 6 ). Fig. 6 shows the predominance of indices, which correspond to the conditions of a well-aerated basin, constantly enriched with oxygen. We cannot exclude the presence of moderately anoxic environments. Most (Jones, Manning, 1994; Holodov, Nedumov, 1991; Ernst, 1976; Hatch, Leventhal, 1992) often, samples falling into the anoxic-free zone are represented by clayey dolomites and clay-carbonatesulfate deposits (litho-genetic type B and C).
The above features of carbonate reservoirs can be combined and used as a set of predictive criteria for probable placement of rocks with improved reservoir properties in carbonate sediments of the Ust-Kutskian horizon. Sites of the most probable deposition of rocks with improved reservoir properties can be considered as zones promising for revealing oil deposits, determining the most effective direction of prospecting, evaluation and exploration operations both in well-drilled areas and beyond.
